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able because they are able to carry out many important biotransfor-
mation reactions when the supply of oxygen is limited. In addition,
certain anaerobes are best able to carry out the initial dechlorination
steps for highly chlorinated solvents and PCBs (see Table 2-1). In-
creases in metabolic products produced by anaerobes can signal an
increase in anaerobic activity and indicate successful bioremediation
(see Box 2-2). Key byproducts of anaerobic respiration include meth-
ane, sulfides, reduced forms of iron and manganese, and nitrogen
gas. When significant amounts of chlorinated compounds are
biotransformed, increases in chloride ion also may be observable.
These measurements give the strongest evidence when parallel mea-
surements confirm an anaerobic (oxygen-depleted) environment, loss
of electron acceptors other than oxygen (for example, nitrate and
sulfate), and consumption of electron donors responsible for the loss
of the electron acceptors.

Intermediary Metabolite Formation

Microbiological processes may transform contaminants into unique
intermediary metabolites. For example, during cometabolic micro-
bial transformation of trichloroethylene, trans-dichloroethylene ox-
ide may be produced. Detection of such metabolites from field samples
provides evidence that in situ biodegradation is progressing (see Box
4-3 for an example). Intermediary metabolites can be determined by
using gas chromatography, high-performance liquid chromatography,
or one of these methods coupled to mass spectrometry. To ensure
validity of this approach, the intermediary metabolites cannot have
been present in the originally released contaminants, and they should
be absent in adjacent uncontaminated areas. Because some interme-
diary metabolites degrade too quickly to be detected, an absence of
intermediates does not indicate that bioremediation is not occurring.

Ratio of Nondegradable to Degradable Substances

If a site contains mixtures of contaminants, a decrease in the ratio
of biodegradable to nonbiodegradable organic compounds over time
can indicate microbiological activity in the field (see boxes 4-2 and 4-
3). For example, phytane, a molecule that occurs in crude oil, is more
resistant to microbial attack than octadecane, another crude oil com-
ponent. Phytane and octadecane have the same molecular weight
and similar volatility and transport characteristics and, consequently,
are likely to undergo nearly identical abiotic reactions. Therefore, a
decrease in the ratio of octadecane to phytane is evidence that mi-
crobes are degrading the octadecane, A possible drawback of this